In this paper, the non-linear modified epidemiological model of computer viruses is illustrated. For this aim, two semi-analytical methods, the differential transform method (DTM) and the Laplace-Adomian decomposition method (LADM) are applied. The numerical results are estimated for different values of iterations and compared to the results of the LADM and the homotopy analysis transform method (HATM). Also, graphs of residual errors and phase portraits of approximate solutions for n = 5, 10, 15 are demonstrated. The numerical approximations show the performance of the LADM in comparison to the LADM and the HATM.
Introduction
The computer viruses are malware programs that have been able to infect thousands of computers and have hurt billions dollar in computers around the world. The virus should never be considered to be harmless and remain in the system. There are several types of viruses that can be categorized according to their source, technique, file type that infects, where they are hiding, the type of damage they enter, the type of operating system, or the design on which they are attacking. We can introduce some of famous and malicious viruses such as ILOVEYOU, Melissa, My Doom, Code Red, Sasser, Stuxnet and so on. Therefore, it is important that we study the methods to analyze, track, model, and protect against viruses. In recent years, many scientists have been illustrated the epidemiological models of computer viruses [2, 14, 17, 21, 32, 33, 36, 37, 45, 46, 47] . These models have been estimated by many mathematical methods such as collocation method [30] , homotopy analysis method [5, 27] , variational iteration method [23] and others [33, 41] .
One of applicable and important models is the classical Susceptible-Infected-Recovered (SIR) computer virus propagation model [21, 22, 33] which is presented in the following form: dS(t) dt = f 1 − λS(t)I(t) − dS(t), dI(t) dt = f 2 + λS(t)I(t) − εI(t) − dR(t),
where
are the initial conditions of non-linear system of Eqs. (1) . Functions and initial values of system (1) are given in Table 1 . Infected computers at time t I(0) = 15 R(t)
Recovered computers at time t R(0) = 10
Rate of external computers connected to the network
Rate of infecting for susceptible computer λ = 0.001 ε Rate of recovery for infected computers ε = 0.1 d
Rate of removing from the network
Recently, several numerical and semi-analytical methods are introduced to solve the mathematical and engineering problems [9, 10, 11, 24, 25, 26, 48] that we can apply them to solve the non-linear model (1) . The DTM and the LADM are two important and efficient tools to solve the linear and non-linear problems arising in the mathematics, physics and engineering [6, 7, 29, 34, 35, 40, 43] . Specially, the LADM [12, 15, 31] obtained by combining the Adomian decomposition method [1, 3, 4, 16, 39, 44] and the Laplace transformations [18] similar to the HATM [8, 24, 27, 28] , Laplace homotopy perturbation method [13, 38, 42] and so on.
The aim of this paper is to apply the DTM and the LADM to find the approximate solution of non-linear epidemiological system of Eqs. (1) . The numerical results are compared with the HATM [8, 24, 27, 28] by plotting the residual errors function for different iterations. Also, the phase portraits of approximate solutions for n = 10 and different functions of S(t), I(t) and R(t) are presented. The numerical results show the abilities and capabilities of the LADM in comparison to the DTM and the HATM.
Differential transform method
Transformation of the k-th derivative of a function in one variable is as follows
and the inverse transformation is defined by
where F (k) is the differential transform of f (t). In actual applications, the function f (t) is expressed by a finite series and Eq. (4) can be rewritten as follows:
where N is decided by the convergence of natural frequency. The fundamental operations of DTM have been given in Table 3 . 
By applying the presented method to system of Eqs.
(1), we get
The differential transform method series solution for system (1) can be obtained as
where A = SI and
Also, the non-linear operator A is called the Adomian polynomials and it is presented as
By substituting series (10) and (11) into (9) we get
Now, the following relations can be obtained:
and for term j we have
Applying the inverse Laplace transformation L −1 for first equations of (14) as follows
By putting S 0 , I 0 , R 0 in second equations of (14) and using the Laplace transformations we have
and by applying the inverse Laplace transform L −1 we can find S 1 , I 1 and R 1 . By repeating above process, the other terms S 2 , · · · , S j , I 2 , · · · , I j , R 2 , · · · , R j can be obtained. By using the relations
the n-th order approximate solutions can be estimated.
Numerical Illustration
In this section, the numerical results of the DTM and the LADM for solving the system of Eqs.
(1) are presented. The approximate solutions for n = 5 by using the DTM are obtained in the following form Now, by applying the LADM we get S 0 (t) = 20, I 0 (t) = 15, R 0 (t) = 10, In order to show the accuracy of the presented methods, following residual errors are presented. Also, the numerical results are compared to the obtained results of the HATM for n = 5, 10. The results are presented in Tables 3, 4 and 5 .
The comparative graphs between the residual errors of the LADM, the DTM and the HATM for n = 5, 10, 15 are demonstrated in Figs. 1, 2 and 3 . Also, phase portraits of S − I, S − R, I − R and S − I − R which are obtained by 10-th order approximation of the DTM and the LADM are presented in Figs. 4 and 5 . According to the generated results, the LADM has suitable scheme than the DTM and the HATM. Table 3 : Numerical comparison of residual error E n,S (t) between LADM, DTM and HATM for n = 5, 10. Table 4 : Numerical comparison of residual error E n,I (t) between LADM, DTM and HATM for n = 5, 10. Table 5 : Numerical comparison of residual error E n,R (t) between LADM, DTM and HATM for n = 5, 10. Comparison between error functions of LADM, DTM and HATM for S 10 (t), I 10 (t), R 10 (t). Comparison between error functions of LADM, DTM and HATM for S 15 (t), I 15 (t), R 15 (t). Figure 4 : Phase portraits of S 10 (t), I 10 (t), R 10 (t) by using the LADM. R(t) Figure 5 : Phase portraits of S 10 (t), I 10 (t), R 10 (t) by using the DTM.
Conclusion
In this study, two robust and applicable methods, the DTM and the LADM were applied to solve the non-linear epidemiological model of computer viruses. In order to show the efficiency and accuracy of presented method, the residual errors for different iterations were presented based on the LADM, DTM and HATM. Also, the graphs of residual error were demonstrated to show the abilities of the LADM than the other methods.
